We consider a three-Higgs doublet scenario in this paper, invariant under the discrete group S3, and probe its high-scale validity by allowing the model parameters to evolve under renormalisation group.
Introduction
The discovery of a scalar boson around 125 GeV [1, 2] has been the most important finding at the LHC so far.
It has gradually unfurled that the newly discovered boson has properties largely consistent with the Standard Model (SM) Higgs [3] [4] [5] . There is however one pressing issue that a SM Higgs around 125 GeV leads to an instability in the electroweak vaccum around 10 8−9 GeV if the top quark mass (M t ) and the strong coupling constant (α s ) are on the upper edges of their respective uncertainty bands. A recent next-to-next-to-leading order (NNLO) study [6, 7] reports that absolute stability up to the Planck scale requires As a possible remedy to alleviate the vacuum stability problem, the SM Higgs can be made to couple to additional bosonic degrees of freedom. In such a case, the extra scalar loops contributing to the running of the Higgs coupling can generate the required positive contribution to prevent the Higgs self coupling from turning negative. Thus ensuring a stable Elecroweak vacuum (EW) up to the GUT and Planck scales, forms our main motivation to add new scalars to the theory. Apart from this, various cosmological and astrophysical evidences of Dark Matter (DM) also necessiate physics beyond the SM. Attempts have been made to explore the yet unknown particle nature of DM and the most successful proposal is that DM is constituted of Weakly Interacting Massive Particles (WIMPs) [8] .
It is however not possible to predict the actual number of scalar doublets present in nature from fundamental principles. The discovered scalar resonance around 125 GeV could very well arise from a multiple scalar doublet scenario with the additional parameters arranged suitably to give to it, SM-like couplings to fermions and gauge bosons. Of course, detection of the extra scalars at the colliders is the only direct way to pin down on the exact scalar structure present. Nonetheless these extra scalars could be fingerprinted through their role in stabilizing and unitarizing of the scalar potential. Moreover, the scalars originating from the extra doublets could possible be successful canditates for DM. While studies combining together vacuum stability and DM phenomenology have been done in the past in context of two-Higgs doublet models (2HDM) [9] , these could be generalized to a higher number of doublets as well. There has been a rising interest in three-Higgs doublet models (3HDM) in the recent past [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The chief phenomenological motivation of which is that the existence of three scalar doublets, replicating the three fermion families, sheds light on the flavor problem. 3HDMs have rather wide scalar spectrum. In fact, invariance under SU(2) × U(1) tells us that there are four neutral scalars, and a pair of charged scalars obtainable from a generic 3HDM. It is reminded that 3HDMs come in various types, depending upon the global symmetry present. One of them is the 3HDM endowed with a global S 3 symmetry [21] [22] [23] [24] [25] [26] . This S 3 symmetry is already important from the perspective of flavor, it reproduces the lepton masses and mixings accurately [27] [28] [29] [30] [31] [32] . The scalar sector is also interesting since there is an economy of parameters compared to a more generic 3HDM. In fact the eight dimensionless parameters can be fully traded off in favour of the seven masses and one mixing angle.
The S 3 -symmetric scalar sector has spurred some investigation in the past, and some standalone studies related to DM phenomenology have also occurred [33] . However, the present study is mainly directed towards analysing the Higgs sector, and, it includes the following features which have not been highlighted before.
• We derive the renormalisation group equations at one-loop for the dimensionless parameters in an S 3 symmetric Higgs potential. Using these, we probe high-scale behaviour of the scalar potential. That is, we evolve the scalar quartic couplings and require that the model remains perturbative and keeps vacuum stability intact at each intermediate energy scale. Through this exercise, we try to identify the parameter space at the input scale that keeps the model valid till very high scales.
• Electroweak Symmetry Breaking (EWSB) is triggered when one or more doublet receives a vacuum expectation value (vev). While several such configurations of the vevs can be there in principle, we consider two such cases which not only are more relevant from the phenomenological point of view, but also demonstrative of the high-scale validity of the S 3 potential. For instance, we analyse a 'two inert doublet' scenario where only one doublet gets a vev, and predicts existence of stable scalars through some remnant symmetry. This scenario thus stands as a potential canditate for describing DM.
• The parameter space allowing for high-scale validity is also subject to various low energy constraints,
i.e., the ones originating from the oblique S, T and U parameters, signal strength measurements for the 125 GeV Higgs, and also DM searches.
This paper is organized as follows. In Section 2, we briefly discuss the salient features of the model, particularly the scalar and Yukawa sectors. The various constraints taken are listed in Section 3. The numerical results so obtained are detailed in Section 4, and finally, we summarize in Section 5. Relevant expressions and equations can be found in the Appendix 6.
2 The S 3 symmetric three-Higgs-doublet model (S 3 HDM) in brief.
Scalar sector.
The scalar sector consists of three scalar doublets φ 1 , φ 2 and φ 3 . The most general renormalizable scalar potential consistent with the gauge and S 3 symmetries can be cast as [34] , relationships among them through the minimization conditions below,
The self-consistency of Eqs. (2.2a) and (2.2b) gives rise to the following possibilities,
The first case causes a physical scalar to turn massless as reported in [38] . This directs us towards the other two cases that we outline below.
The doublets are parameterized in the following fashion,
The physical scalar spectrum of a generic CP-conserving 3HDM consists of three CP even neutral scalars, . We define tanβ = 2v2 v1 for Scenario A (Eqn.2.3b). For this vev-alignment, only two mixing angles α and β are sufficient to parameterize the transformation matrices connecting the SU(2) eigenbasis to the physical basis, somewhat resembling a 2HDM. 1 The model is more conveniently described in terms of physical quantities like masses and mixing angles. The eight λ i can be traded for the seven masses and the mixing angle α (See [39] for definition.) using the following equations,
We also put forth the Scenario B (Eqn.2.3c) as an alternate symmetry breaking pattern. In this case, φ 3 is the only active doublet, which is in fact a singlet under S 3 . Consequently, all the fermions couple to φ 3 alone and thus they too are S 3 -singlets. The remaining doublets φ 1 and φ 2 remain inert. A Z 2 symmetry is found unbroken for λ 4 = 0, and it forbids mixing among scalars coming from different doublets thus enabling one to express the doublets directly in terms of the physical fields as,
With m 2 h = 2λ 8 v 2 now, the S 3 symmetry leads to a mass degeneracy in the inert sector,
Here −λ L v and −λ A v denote the H 1 -H 1 -h and A 1 -A 1 -h couplings respectively. This mass degeneracy can be lifted in this case, for example, by introducing an S 3 breaking quadratic term of the form −µ
However, implications of a broken S 3 symmetry are outside the scope of this paper. and m Ai > 100 GeV [40] .
Similar to the previous case, we describe the model parameter space in terms of the physical parameters {
Our main motivation is to study the high-scale stability of the S 3 HDM for the two different vev assignments discussed above. In doing that we juxtapose the constraints coming from oblique parameters, Higgs signal strengths in the first case, and also the ones coming from relic-density and direct detection in the second case. In principle there can be other such vev configurations as well, and our choice is not exhaustive in that sense. Nonetheless, this paper takes into account two representative cases. The first one defines an active 3HDM scenario, i.e, when all three φ 1 , φ 2 and φ 3 receive non-zero vevs. The second one describes an inert scenario, where these inert scalars do not mix with the 125 GeV Higgs that comes from φ 3 .
2 The degeneracy persists even after one-loop radiative effects are incorporated. This is because the Z 2 symmetry that emerges unbroken after EWSB is an exact symmetry not only of the scalar potential, but of the entire lagrangian. 
Yukawa Sector.
The most general Yukawa lagrangian consistent with the gauge and S 3 symmetries, for the up-type quarks is given by,
The lower component of the SU ( Yukawa textures can be found in [42] [43] [44] [45] .
After symmetry breaking, the mass matrix that arises in the up-type quark sector is the following, (In the u, c, t basis):
The texture is of the same form for the down-type quarks and charged leptons. In principle, one can retain all the paramaters in the Yukawa matrix and fine-tune them appropriately in order to reproduce the correct fermion masses and mixings. However that would make the analysis using RG complicated and unwieldy and hence, we look for a simplification. Choosing y Hence we infer that only the t-quark can contribute significantly to the beta functions through the parameter y u 3 and the effect of all other fermions can be safely neglected in this context. Thus effectively with only one Yukawa into the picture, as far as high-scale stability is concerned, it becomes easier to throw light on the scalar sector.
In the inert case, all the fermion generations are S 3 -singlets and hence couple only to φ 3 .
Constraints imposed.
Parameter space of the scenario at hand is surveyed throughly by generating random model-points in the
We discuss below the various theoretical and experimental constraints imposed to shape the results.
Theoretical constraints.
The S 3 HDM remains a calculable theory if the model parameters fulfil the respective perturbativity con-
A more stringent choice is to demand all of the couplings ≤ √ 4π. We however stick to 4π, since this projects out the maximally allowed parameter space.
The 2→2 amplitude matrix corresponding to scattering of the longitudinal components of the gauge bosons can be mapped to a corresponding matrix for the scattering of the goldstone bosons [46] [47] [48] [49] . The theory respects unitarity if each eigenvalue of the aforementioned amplitude matrix does not exceed 8π.
The expressions for the individual eigenvalues [39] in terms of quartic couplings are given below :
In addition to the above, the scalar potential must be bounded from below in order to render the electroweak vacuum stable. Demanding absolute stability of the vacuum leads to the following conditions [39] ,
vsc6 :
This conditions can be arrived at by demanding the scalar potential remains positive along various directions in the field space in the φ i → ∞ limit. We do not consider metastable vacua configurations in this paper [50, 51] , which are expected to project a more relaxed parameter space in this context.
Oblique parameters.
The S 3 HDM induces modification in the S, T and U parameters through the additional scalars participating in the loops of the gauge-boson self energies. One discerns the 3HDM contribution from the SM as,
Here ∆S, ∆T and ∆U denote the S 3 HDM contributions. These have been derived following the approach outlined in [52] . 
Higgs Signal-strengths
The ATLAS and CMS collaborations have measured the production cross section for a ∼125 GeV Higgs multiplied by its branching ratios to various possible channels. The results so far are increasingly in favor of the SM predictions. An extended Higgs sector, such as the S 3 HDM although can very well contain a scalar with mass around 125 GeV, but yet can potentially modify the signal strength predictions through its modified higgs-gauge boson and higgs-fermion couplings. For example, the hV V and hbb couplings get scaled by sin(β − α) and sinα cosβ w.r.t the SM, in the case with three non-zero vevs. The loop induced decay widths to γγ and Zγ final states are also modified. However, one can always arrange for α = β − π 2 which reproduces exact SM couplings. This so called alignment limit is present in two-higgs doublet models as well [54] . We explore a case where this limit is not strictly enforced, rather sin(β − α) = 0.98 is taken. The reader is reminded that the tree level couplings of h to fermions and gauge bosons remain identical to the SM in the presence of additional inert doublets.
In order to check the consistency of a 2HDM with the measured rates in various channels, we theoretically compute the signal strength µ i for the i-th channel using the relation:
Here R prod , R i decay and R width denote respectively the ratios of the theoretically calculated production cross section, the decay rate to the i-th channel and the total decay width for a ∼125 GeV Higgs to their corresponding SM counterparts. For our numerical analysis, we have taken gluon fusion to be the dominant production mode for the SM-like Higgs. 3 The predicted signal-strengths to ZZ, W W , bb channels are in excellent agreement with the SM once the alignment limit is invoked. µ γγ still needs to be controlled since the charged scalars do not decouple from the theory in spite of an exact alignment (see Appendix C).
In an exact-alignment scenario, the total width of h hardly deviates from its SM value and µ γγ settles approximately to
. Latest measurements from ATLAS and CMS give µ γγ = 1.17
−0.27 and 1.12
respectively [55, 56] . We use the cited limits at 2σ.
We make the passing remark that in-house codes have been employed to carry out the computations related to oblique parameters and signal strengths. In particular, the RG equations have been numerically solved by implementing the Runge-Kutta (RK4) algorithm in the same.
Dark matter relic density and direct detection
In the one active + two inert doublet case, we impose that the relic density must be away by at most 3σ
limits from the PLANCK [57] central value. That is,
A more relaxed requirement is to impose only the upper limit, in which case it implies that the S 3 inert scalars only partially account for the observed relic density. Relic density calculations in this work are done using the publicly available code micrOMEGAs [58] .
Experiments like XENON100 [59] , LUX [60] have placed upper limits on WIMP-nucleon scattering cross sections. We again use micrOMEGAs to compute the cross sections and adhere to the more stringent constraints by LUX. Given that WIMP-nucleon scattering in this model occurs only through a t-channel h exchange, the cross section computation is plagued by the uncertainty in the strange quark form factor. We have resorted to the micrOMEGAs default parameters in this regard. We have imposed an upper bound of 10 −46 cm 2 on the spin-independent WIMP-nucleon cross section throughout our analysis.
Evolution under Renormalisation Group.
The main motivation of this paper is to study the behaviour of the S 3 HDM parameters under Renormalisation Group (RG). The strategy adopted is, we select parameter points consistent with the constraints discussed above. The parameter space obtained in the process is allowed to evolve under RG. The one loop beta functions employed for this analysis are listed in the appendix. They were derived by demanding scaleinvariance of the one-loop corrected scalar potential following [61] , and, cross checked by a standard Feynman diagrammatic calculation. Constraints stemming from perturbativity, unitarity and vacuum stability are demanded to be fulfilled throughout the course of evolution, up to some cut-off Λ. There is however, no natural choice for Λ, given the fact we assume that S 3 HDM is the only physics up to this scale. We aim to push Λ to as high as the GUT scale, or the Planck scale, and explore the consequences on our scenario.
Incorporation of these constraints in the RG evolution tightens up the parameter space at the electroweak scale.
Discussion of the RG constraints is crucial in context of a non-minimal Higgs sector such as the S 3 HDM, owing to the fact that the additional scalars could ameliorate the vacuum instability problem in the SM [62] .
However, due to the additional bosonic content, quartic couplings tend to rise fast and hit the Landau pole even though vacuum stability is preserved. To strike a balance between these extremes, the model parameters have to be judiciously tuned. This is precisely what we aim to do in context of an S 3 HDM.
4 Impact of the constraints on the parameter space.
Model points are sampled randomly through a scan of the parameter space within the specified ranges, Demanding perturbativity at the electroweak scale puts upper bounds on the scalar masses and tanβ.
In particular, all the scalar masses lie below ∼ 800 GeV and tanβ ∈ [0.3, 13.6]. The upper bounds on the masses and tanβ settle at 1 TeV and 17.3 respectively upon relaxing the perturbativity constraint. In that case the bounds are put by unitarity alone, an observation in consonance with the findings in [39] . Any value of tanβ outside the quoted limit is responsible for making the theory non-perturbative through the large values it gives to the quartic couplings in the process. This can be revealed through an inspection of Eqn.(2.5).
The next part of the analysis involves evolution under RG. The key finding here is that this scenario is not valid beyond 10 7 GeV. This as attributed to the following two reasons (i) Quartic couplings are large at the input scale itself, they hit the perturbative limit around the multi-TeV scale. This can be understood using the following logic, the quartic couplings at the input scale are typically ∼ by enhancing the t-Yukawa with respect to its SM value. It so happens that for many parameter points, the Yukawa coupling itself evolves to non-perturbvative value below the instability scale, however this is a subleading effect. The T parameter constraint negates a large number of scan points, many of which otherwise clear the RG constraints up to the highest permissible cut-off 10
7 GeV. This we show in Fig.(2) .
∆S mostly stays within its 1σ limit. We also prepare the following two benchmarks models (Table 1) to reinforce our observation on a violated vacuum stability or unitarity. BP1 leads to a destabilised vacuum through λ 8 <0 occuring below the TeV scale. On the other hand, λ 1 in BP2 rises rapidly and quickly becomes non-perturbative just after crossing 10 6 GeV. The running of λ 8
and λ 1 in the two cases is displayed in Fig.(1) .
The bounds finally obtained on λ i , taking into account the oblique parameter and the diphoton constraints, are are summarised in the Table 2 . GeV. Oblique parameter and diphoton constraints are also taken into account. We show the numbers up to the first decimal place.
The h → γγ rate diminishes with respect to the SM throughout the parameter space, however only for a strict imposition of sin(β − α) = 1 [39] . We have projected the S 3 HDM µ γγ values versus m H + 1
and m H + 2
in Fig.(3) . The dimensionful hH
is conveniently expressed through g hH
[39] (exact expression given in Appendix C). A decrement in µ γγ , in an exact alignment case thus becomes inevitable, since both κ 1 and κ 2 are always negative (see Appendix C). In fact, µ γγ never exceeds 0.82 for validity till 10 6 GeV, given that |κ 1 |, |κ 2 | ≥ 1.39 in that case. Following a similar trend, the points valid till Λ = 10
7
GeV give µ γγ < 0.63 and hence are not phenomenologically acceptable. The bounds put on λ i translate into corresponding bounds on tanβ and the non-standard scalar masses, as shown in Fig.4 . We point out that while m H2 could be up to 270 GeV for Λ = 10 6 GeV, the other masses do not exceed 210 GeV for most parameter points. It is to be noted that κ 1 and κ 2 can take either sign for departure from exact alignment, and hence an increment in the diphoton rate is possible there. (See Fig.(3) for sin(β − α) = 0.98.)
A generic feature in context of Scenario A is that, the mass parameters m do get not eliminated. These terms can elevate the non-standard masses to around ∼ 1 TeV and can also lead to µ γγ > 1. Since a broken S 3 group is beyond the ambit of the present study, we focus on the inert case (Scenario B) in the subsequent section.
Scenario B:
One needs to put λ 4 = 0 in order to keep the DM stable through an unbroken Z 2 symmetry. Correct relic density is obtained in the mass regimes m H1 < 80 GeV and m H1 > 370 GeV. We discuss below the by a narrow mass splitting. Secondly, it gives sizable values to λ 5 , λ 6 and λ 7 which in turn aid to stabilize the vacuum far beyond the SM instability scale, even up to the Planck scale. Overall, the phenomenology in this mass regime is broadly similar to the case with a single inert doublet. Table 3 : Benchmark point illustrating the behaviour under RGE. Λ denotes the maximum extrapolation scale up to which vacuum stability and perturbativity are ensured.
The displayed benchmark BP3 (Table 3) = 389.6, λ L = 0.056, the dominant annihilation channels are To examine high-scale validity of this scenario, model points are generated in the following range.
We also fix λ 1 = λ 2 = λ 3 = 0.01 at the initial scale, since these couplings do not enter into the calculations of relic density and WIMP-nucleon cross sections. This choice is rather judicious, an higher value mostly makes the couplings non-perturbative at high scales. Fig.6 displays the variation of relic density corresponding to model points valid up to three different cut-offs Λ = 10 3 GeV, 10 16 GeV and 10 19 GeV. Fig.7 projects spin-independent WIMP-nucleon cross section.
An inspection of Fig.6 and Fig.7 points out that one can render the S 3 HDM stable upto GUT and Planck scales with initial conditions consistent with the observations of relic density and direct detection.
We highlight this fact as the most important conclusion in this part. This, however happens only if m H1 > 550 GeV. This result be understood as follows. The evolution of λ 8 and hence vacuum stability is crucially dictated by the values of λ 5 , λ 6 and λ 7 at the initial scale. They can be expressed in terms of the masses as,
) (4.6)
We find that for an H 1 below 600 GeV, λ 5 , λ 6 and λ 7 are not sizable enough to ensure λ 8 (Q)>0 up to the GUT scale. On the other hand, perturbative unitarity restricts the mass splitting to ∼ 50 GeV which is automatically consistent with the T parameter constraint. While the stability condition λ 5 + 2 λ 8 (λ 1 + λ 3 ) > 0 disfavours large negative values of λ 5 , tight upper bounds are imposed by perturbative unitarity. This translates into −0.1<λ L <0.4 for a model valid up to M P l (see Fig.6 ).
For a more comprehensive understanding, the parameter space negotiating all the imposed constraints successfully is displayed as correlation plots in Fig.8 . Our demand of σ SI <10 −46 cm 2 throughout in Fig.8 A situation, where µ γγ <1 (Fig.9 ) for most part of the parameter space is attributed to a mostly nonnegative λ 5 (or a very small negative value). The reader should note that unlike the previous case, one can in principle have µ γγ >1 in this case, however subject to stability constraints. With λ 1 = λ 3 = 0.01 at the input scale, λ 5 gets bounded from below at -0.1 by the vacuum stability condition
One can get a deeper lower bound, and hence a µ γγ substantially larger than unity for larger values of λ 1 (a) To sum up, DM phenomenology plays a vital role in deciding the fate of this scenario at high scales.
The interplay of various effects involved is captured through the benchmarks in Table 4 . The RG running of these benchmarks is shown in Fig.10 The first benchmark BP4 can possibly describe physics nearly up to the GUT scale, beyond which perturbativity breaks down. However, BP4 predicts a relic density below the observed limit. This is attributed to the relatively large mass splittings amongst the S 3 scalars, which generate such sizable λ 5 , λ 6 and λ 7 at the initial scale that can ensure λ 8 (Q) > 0 throughout. However we pay the price of a diminished co-annihilation, and thereby a relic density below the desired range. A fall out of this relatively large λ 5 in this case is a suppressed µ γγ . BP5 highlights the fact that correct relic density and direct detection rates are achievable in this model for a DM around 390 GeV, a feature not observed in the model with a single inert doublet. The maximal mass difference in such a case is restricted to ∼ 13
GeV. However, BP5 does not keep the EW vacuum stable beyond 10 8 GeV. Table 4 : Benchmark points chosen to illustrate the behaviour under RGE. Λ denotes the maximum extrapolation scale up to which vacuum stability and perturbativity are ensured.
BP6 and BP7 are conservative choices which predict relic density and direct-detection rates in the correct ballpark, and also extrapolate the model to the GUT and Planck scales respectively. We note here that in BP4, BP6 and BP7, vsc1, vsc3, vsc4, vsc5, vsc6, vsc7 rise with Q, whereas in BP5, vsc5 and vsc6 go down.
This observation has its root in the structure of the S 3 HDM beta functions (see Appendix.A), which mostly guarantee vsc1, vsc3, vsc4, vsc5, vsc6, vsc7 > 0 throughout the evolution once they start with positive values at the EW scale. We remark here that BP6 and BP7 correspond to µ γγ = 0.935 and 0.911 respectively,which are within the 2σ limit from the central value.
In the same connection, we have found that an m H1 > 1 TeV can render the EW vacuum stable at least up to the SM instability scale. However that pushes µ 11 to yet higher values, thereby introducing a so-called intermediate scale into the picture. It is then implied that the S 3 scalars are practically decoupled below µ 11 , and that it would be more appropriate to solve the RG equations in a piecewise fashion, i.e., evolve from the EW scale to µ 11 using the SM beta functions only, and then invoke S 3 HDM above the µ 11 threshold.
However we mostly encounter µ 11 600 GeV for S 3 masses < 1 TeV. We have checked that for such a µ 11 , a piecewise evolution practically gives the same numerical results.
Conclusions and future work
3HDMs offer a rich scalar spectrum and can give rise to prominent signatures at the colliders [21, 22] . In this paper, we have tried to investigate an S 3 -symmetric Higgs sector in the light of various theoretical as well as experimental constraints. Robust regimes of the model parameter space were surveyed using the latest data on the 125 GeV Higgs and oblique parameters. The high-scale behaviour was probed by evolving the model couplings under the RGEs, and this study appears to be the first attempt in that direction in context of 3HDMs. A unitary and perturbative theory, along with a stable EW vacuum was ensured at each step of evolution. We have illustrated our findings in context of two specific alignment of the doublet vevs. The salient features of the numerical results that emerge are highlighted below.
• In the first case, non-zero vevs are assigned to all three of the doublets while maintaining
It is found that this scenario is not stable beyond 10 7 GeV, an effect brought about by an interplay of perturbative unitarity and vacuum stability. Stringent upper bounds are placed on the scalar masses and tanβ in this case. In particular we note tanβ < 1.3 and the S 3 scalar masses lie below 270 GeV for Λ = 10 6 GeV, the maximum phenomenologically accepted scale. • The second case is a scenario with two inert doublets. There lies an identifiable region in the parameter space in this case that extends validity of the model till the Planck scale. Moreover, this parameter space is robust enough to accomodate a successful canditate for dark matter. High-scale stability in this case manifests itself by placing upper bounds on the coupling of the DM to the 125 GeV Higgs, the DM mass, as well on the mass splitting amongst the inert scalars. The bounds get sharper when both the DM as well as high-scale stability constraints are imposed simultaneously. In a word, a connection emerges between DM phenomenology at the low scale and a good UV behaviour at high scales. This finding is qualitatively similar to the model with a single inert doublet [9] . However, the addition of the extra inert doublet narrows down the gap between the low and high DM mass regions, with respect to what is observed in the single inert doublet case.
• Scenario B predicts a decrement in the diphoton decay width with respect to the SM value, so does Scenario A for an exact alignment. This particular feature of Scenario B is not seen by considering tree-level stability constraints alone and is an explicit consequence of renormalisation group evolution.
The numerical predictions however can be made to lie within the current experimental limits without running into conflict with high-scale stability.
Altogether then, we conclude that the inert scenario fares much better than the non-inert one in terms of high-scale validity and signal strength measurements. It is thus safe to comment that the S 3 HDM can certainly alleviate the vacuum stability problem, however not for all permissible vev structures. Several extensions of the present study are possible. One could analyze a more general S 3 -symmetric Yukawa texture in a similar context, admittedly though such texture would give rise to Flavor-Changing Neutral Currents (FCNC) [32] at the tree level. It was shown in [63] that raising the S 3 masses to ∼10 TeV suppresses the possible FCNCs. The requirement of such heavy scalars necessiates the inclusion of S 3 violating quadratic terms [24] . Another motivation of a broken S 3 symmetry is in the context of DM. In scenario B for instance, it will lead to a non-degenrate spectrum and hence a modified DM phenomenology, at least at the quantitative level. Indirect detection signatures of such a DM scenario could be of special importance in light of latest data. Adding further to it, the large number of bosonic degrees of freedom offered by the S 3 HDM could favour a strong first order electroweak phase transition, thereby making way for baryogenesis, something already looked at for a more generic 3HDM with two inert doublets. [64] .
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C h → γγ decay width
The partial decay width of the SM-like Higgs to a pair of photons in this case has the expression [66] ,
The functions F W , F t and F i+ capture the effects of a W-boson, a t-quark and a charged scalar running in the loop and shall be defined as,
F t = −2τ t 1 + (1 − τ t )f (τ t ) , (C.2b)
f (τ ) = sin 
